Increased body fat rather than body weight has harmful effects on 4-year changes of renal function in the general elderly population with a normal or mildly impaired renal function Background: With increasing age, body fat increases and muscle mass reduces. Even people with a normal weight may have a higher percentage of body fat. The aim of this study is to investigate the association between increased body fat and renal function decline (RFD) in the general elderly population with normal or mildly impaired renal function. Method: We conducted a prospective study of 615 healthy individuals in the general Korean population aged 60 years who participated in two health screening check-ups separated by a 4-year period. Obesity was defined as the highest sex-specific tertiles of the percentage body fat (PBF). The main outcome was changes of estimated glomerular filtration rate (eGFR) during the 4 years. Significant RFD was defined as a decrease of eGFR over the upper quartile (-2.1% per year). Results: The mean age was 67.2±6.6 years. The median value of the absolute decline in the eGFR and the percent change was -3.0 mL/minute/1.73 m 2 and -0.87%/year in men and -3.1 mL/minute/1.73 m 2 and -0.89%/year in women, respectively. When stratified by sex-specific PBF tertiles, pronounced differences were observed in both sexes; those at the highest tertile of PBF showed the greatest decline in eGFR. Even after adjustments for traditional risk factors of RFD, PBF was independently associated with eGFR changes (β=-0.181; P0.001). In addition, the harmful effect of a high PBF was consistently found in subjects with a normal weight, too (β=-0.141; P=0.006). Cases of significant RFD occurred in 181 participants (29.4%), and the risk was higher in obese participants as compared with the nonobese participants. The odd ratios (95% confidence interval) for significant RFD were 2.76 (1.28-7.74) in men and 2.02 (1.06-4.43) in women in a whole population and 3.15 (1.03-18.52) in men and 1.44 (1.01-3.28) in women with a normal weight, respectively. Conclusion: Among the elderly population without comorbidities, increased body fat has a harmful effect on RFD, irrespective of body weight.
Introduction
Decreased renal function is a common problem in the elderly population. According to the Korean National Health and Nutrition Examination Survey, 1 the prevalence of chronic kidney disease (CKD) was 15.0% in the 55-64 age group and 31% of those 65 years. Compared to the subjects with estimated glomerular filtration rate (eGFR) 60 mL/minute/1.73 m 2 who were usually referred to nephrologists, most patients with eGFR 60 mL/minute/1.73 m 2 are not referred to the renal team, and little attention has been paid to their renal function unless they have specific risk factors 
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Kim et al of CKD, such as diabetes or hypertension. Considering that CKD is a long-term condition that can be progressive, the early identification of risk factors is needed in these patients with normal or mildly impaired renal function.
Obesity-related renal disease became known more than 20 years ago, and in the context of the worldwide spread of obesity, it was regarded as an epidemic disease. 2 Obesityinduced hemodynamic changes, glomerular deposition of lipids, and various adipokines play important roles in the development of renal disease. 3, 4 Previous epidemiological investigations have confirmed that obesity is a significant risk factor for the development and progression of chronic kidney disease (CKD). 3, [5] [6] [7] Although the gold standard definition of obesity is considered to be the presence of excess body fat, 2 obesity is generally diagnosed in clinical practice using the body mass index (BMI). 8, 9 BMI is a simple tool to screen an overweight or obese status; however, significant limitation of BMI is its failure to differentiate between fat and lean body mass, especially in patients with a BMI of 30 kg/m 2 . [10] [11] [12] Moreover, there is a subset of patients who have a normal body weight based on BMI but an elevated percentage of body fat (PBF). Such metabolically obese but normal-weight (normal-weight obesity, [NWO] ) patients may be at a much higher risk for cardiometabolic dysregulation, endothelial dysfunction, insulin resistance, and cardiovascular complications. [13] [14] [15] Therefore, measuring PBF rather than BMI is a more accurate method to exploring the impact of obesity on health status.
As age-related alterations in body composition occur (lean mass decreases but fat tissue increases), a significant proportion of the general elderly population may be susceptible to adiposity-related medical disease. 16 To date, however, few studies have investigated the association between increased PBF and changes of renal function in a general elderly population with normal or mildly impaired renal function.
Subjects and methods study subjects
We conducted a prospective study involving 1,025 individuals of the general Korean population aged 60 years who participated in two health screening check-ups separated by a 4-year period (2008) (2009) (2010) (2011) (2012) . To avoid changes in renal function due to preexisting medical diseases, 292 subjects with established atherosclerotic vascular disease or the following other confounding risk factors were excluded: a history of diabetes (n=44); hypertension (n=136); previous diagnosis of CKD or undergoing dialysis (n=43); cardiovascular disease (n=22); malignancy (n=3); and missing data (n=44). Subjects with an eGFR of 60 mL/minute/1.73 m 2 and proteinuria were also excluded (n=17).
In 2012, 101 subjects were lost to follow-up; therefore, the study sample comprised 615 subjects. The present study was conducted according to the Declaration of Helsinki. Written informed consent was obtained from each subject after a full explanation of the purpose and nature of the study. The protocol was approved by the institutional review board/ ethics committee of Hallym University Sacred Heart Hospital, Anyang-si, South Korea.
Data collection
The subjects were asked to describe their smoking habit, alcohol consumption, physical activity, drug history, marital status, socioeconomic status, diet, and previous medical diseases such as diabetes, hypertension, cardiovascular disease, gout, and malignancy. Body weight and height were measured. Systolic and diastolic blood pressure (BP) was measured in the sitting position after resting for at least 5 minutes. Blood samples were collected in the morning after an overnight fast. Serum hemoglobin, glucose, total cholesterol, triglycerides, low-density lipoprotein, high-density lipoprotein (HDL), albumin, and alkaline phosphatase levels were measured. Serum high-sensitivity C-reactive protein (hs-CRP) levels were also checked. For measurement of the renal function, the eGFR was calculated using the CKD Epidemiology Collaboration equations. To detect proteinuria or hematuria, a dipstick urinalysis was performed using spontaneously voided fresh urine that was analyzed within a few minutes after collection.
Anthropometric parameters and body composition measurements
Two trained medical staff members performed anthropometric measurements and body composition analysis following a strict protocol. Waist circumference (WC) was measured to the nearest 0.1 cm in a horizontal plane at the level of the midpoint between the iliac crest and the costal margin and at the end of a normal expiration. Hip circumference (HC) was ascertained at the maximum extension of the buttocks, and the waist-to-hip (WHR) ratio was calculated as the WC divided by the HC. A high WC was defined as 90 cm in men and 80 cm in women. Every measurement was taken twice for a more reliable estimate than a single measurement. 
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Increased body fat and renal function decline Body composition data were obtained using a multifrequency bioelectrical impedance analyzer (Zeus 9.9 PLUS; Jawon Medical Co., Ltd., Kungsang Bukdo, South Korea). 17 The subjects were asked to avoid eating or drinking anything except water, and the test was performed after full voiding. Using the tetrapolar electrode method (where electrodes are located on both hands, both soles of the feet, and both ankles; frequency, 1, 5, 50, 250, 550, and 1,000 kHz; current, 360 uA), the machine sent a minute electric current and measured the body composition using personal data that had already been saved (height, weight, sex, age, and newly calculated body impedance). We divided the subjects into three groups according to the sex-specific PBF. Among the total participants, the boundaries of the PBF tertiles were 22.1%, 21.2%-25.4%, and 25.5% in men and 27.9%, 28.0%-31.5%, and 31.6% in women.
NWO was defined as a normal weight based on BMI (18.5-24.9 kg/m 2 ) with a high PBF (%), according to the highest sex-specific tertiles of the PBF. In men with a normal BMI, the three boundaries of the PBF tertiles were: 21.1%; 21.2%-24.0%; and 24.0%. In women, those percentages were: 26.8%; 26.9%-30.3%; and 30.4%.
Outcomes
The main outcome of this study was the changes of renal function during the 4 years. We calculated both the absolute decline and the percentage change during the 4 years (%/year) in each subject. Because we could not measure the eGFR serially over the 4 years, (all subjects participated in this study as a part of their health screenings, thereby, all tests are assumed to have been performed at steady state), we did not use the term "rate" or "slope" to describe the eGFR decline. The percent change in the eGFR per year was calculated using Equation 1, and a significant RFD was defined by a change in the eGFR over the upper quartile (-2.1%/year):
Percent change in eGFR/year = [(follow-up eGFRbaseline eGFR)/baseline eGFR] ×100/follow-up year.
(1)
statistical analysis
Statistical analyses were performed using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA). All variables are expressed as the mean ± standard deviation or median with interquartile range (IQR) unless otherwise indicated. The Kolmogorov-Smirnov test was used to analyze the normality of distribution, and -for skewed data such as the serum hs-CRP -natural log values were used. Differences between the two groups were analyzed by an independent Student's t-test for continuous variables or Fisher's exact test for categorical data. Differences among three or more groups were analyzed by analysis of variance. Pearson's correlation analysis was used to clarify the relationships between the baseline clinical and anthropometric data, body composition data, and the percent changes in renal function during the 4 years. Multiple logistic regression analysis was performed to evaluate the risk of an increased PBF impacting a significant RFD in both the general population and subjects with a normal weight. Age, sex, smoking, systolic BP, diastolic BP, WC, glucose level, triglycerides level, and HDL level were included in the multivariate model. A P-value of 0.05 was considered statistically significant. Table 1 shows the sex-specific baseline characteristics of our subjects. The mean subject age was 67.2±6.6 years, and the mean baseline eGFR was 90.6±12.8 mL/minute/1.73 m 2 . Also, 177 subjects (28.7%) were male, and they were significantly 
Results

Total participants
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older and had higher systolic and diastolic BP and a higher prevalence of smoking than did women. The prevalence of an overweight and obese people were 30.7% (47.5% for men; 24.0% for women; P0.001) and 3.6% (6.2% for men; 2.5% for women; P0.001), respectively. According to body composition analysis, the PBF (%) was higher, but the lean body mass was lower in women than in men. Table 2 shows the baseline and follow-up eGFR among the total participants. The median absolute decline in the eGFR and the percent change over the 4 years were -3.0 mL/minute/1.73 m 2 and -0.87%/year in men and -3.1 mL/minute/1.73 m 2 and -0.89%/year in women. There was no significant sex difference in the eGFR change.
We compared the absolute difference in the eGFR and percent change according to the BMI, WC, and PBF. When stratified by the BMI, men showed no significant differences in the eGFR change, and when stratified by WC, the differences were marginally significant. When stratified by the tertiles of PBF, pronounced differences in renal function decline were observed; subjects at the highest PBF tertile showed higher eGFR declines (P=0.001) and percent changes per year (P0.001) than did subjects at the middle and lowest PBF tertiles over the 4 years ( Figure 1) . In women, all three categories were important determinants for differentiating the magnitude of RFD during the 4 years.
Participants with normal weight
In our study, 426 (69.3%) subjects had a normal BMI (93 men; 333 women), and the prevalence of NWO was 34.4% in men and 32.7% in women using the sex-specific tertiles of PBF. Age, BP, anthropometric parameters -such as BMI, WC, WHR, and body fat -and serum HDL levels were all associated with NWO in both sexes. In addition, the serum hs-CRP level increased at higher PBF tertiles (Table 3) .
In patients with normal weight, the median absolute decline in the eGFR over the 4 years and the percent change per year were -2.8 mL/minute/1.73 m 2 and -0.80%/year in men and -2.9 mL/minute/1.73 m 2 and -0.87%/year in women (P=0.274; 0.879 between the sexes). Also in these subjects, the magnitude of eGFR decline was closely associated with PBF tertiles. In particular, NWO individuals showed more prominent decreases in eGFR and percent changes per year during the 4 years than did individuals with a normal BMI and in the lowest or middle PBF tertiles: -3.6 (IQR: -11.6; -2.3) and -1.36%/year in men (P=0.004); and -3.2 (IQR: -9.7; -2.11) and -1.12%/year in women (P=0.001) (Figure 2) . Table 2 Values of eGFR at baseline and at 4-year follow-up, stratified by BMI, WC, and PBF among total subjects (P between groups) 
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Increased body fat and renal function decline PBF and changes in renal function Table 4 displays the clinical, biochemical, and anthropometric parameters associated with RFD over the 4 years. Among the total participants as well as in normal weight participants, old age, high BP, high BMI, high WC, high WHR, higher fat mass, and high PBF had a negative association with RFD. In addition, serum HDL-cholesterol, TG, fasting glucose, and serum hs-CRP levels were also strongly associated with eGFR changes. According to the multivariate regression analysis, systolic BP, low HDL cholesterol, and increased PBF were significant determinants of changes in renal function (Table 5 ). However, there was no clear association among lean body mass, baseline eGFR, and eGFR changes. Over the 4 years, a significant RFD was observed in 181 participants (29.4%), and the risk was higher in obese participants, as compared with the nonobese participants. According to the multivariate analysis, in both sexes, the highest tertile of PBF was an important risk factor for a significant RFD, even after adjustment for various risk factors for eGFR changes. The odd ratios (95% confidence interval) for significant RFD were 2.76 (1.28-7.74) in men and 2.02 (1.06-4.43) in women in a whole population and 3.15 (1.03-18.52) in men and 1.44 (1.01-3.28) in women with a normal weight, respectively (Table 6 ).
Discussion
In this study, we found that increased body fat was a significant risk factor for a greater eGFR decline in the general elderly population without comorbidities. Interestingly, the harmful effect of obesity was consistently observed even in subjects with a normal weight; subjects with NWO had a higher risk of a significant RFD by 3.15-fold and 1.44-fold in men and women, respectively. Considering that a decline in kidney function greater than that attributed to normal aging could be a marker of progressive renal disease, measurements of body fat may help to identify individuals who were susceptible to significant RFD. In individuals without known comorbid conditions or intrinsic renal disease, the average rate of eGFR decline is -0.75 to approximately -0.9 mL/minute/1.73 m 2 /year. 18, 19 Although aging is an inevitable factor for RFD, there are modifiable risk factors, such as smoking and obesity, for which adequate management could slow the progression of GFR decline. Particularly in the context of the worldwide spread of obesity, there has been increasing interest in obesity-related renal disease. According to the previous population-based epidemiologic studies, obesity has been shown to be associated with newonset CKD and an increased rate of renal progression in individuals with existing primary kidney disease, even after adjustment for confounding comorbidities. [5] [6] [7] However, the detrimental effects of obesity on RFD in relatively healthy individuals with a normal or mildly impaired renal function remain unrecognized. Moreover, BMI, a commonly used diagnostic tool for obesity, has a significant limitation it cannot differentiate between fat and lean body mass, especially in patients with a BMI of 30 kg/m 2 . 10,11 Therefore, in this study, we diagnosed obesity using increased body fat. We used bioelectrical impedance analyzers to measure PBF in 
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Increased body fat and renal function decline 20 In our subjects, the absolute decline in eGFR over the 4 years and the percent change per year were -3.0 mL/minute/ 1.73 m 2 and -0.87%/year in men and -3.1 mL/minute/1.73 m 2 and -0.89%/year in women, similar to previously reported rates. In addition to previously well-established risk factors, such as increasing age and higher systolic BP, an increased fat mass also plays an important role in RFD; men and women in the highest PBF tertile showed a 2.76-fold and 2.02-fold increased risk of a significant RFD, respectively. Supporting our current observation, previous experimental and clinical data have shown that obesity is closely associated with an early onset of proteinuria, indicating the harmful effect of obesity on early changes in renal hemodynamics. 21 These findings could be explained by the crosstalk between adipose tissue and blood vessels. 22, 23 The adipose tissue in obese individuals becomes highly inflamed and induces vascular dysfunction by augmented secretion of vasoconstriction factors (such as the major components of the renin-angiotensinogen-aldosterone system and superoxide) and proinflammatory adipokines, which are important contributors to endothelial activation, vascular inflammation, and neointimal formation. 24 Not surprisingly, the serum hs-CRP levels in our study increased with increasing PBF tertiles in both sexes.
One more interesting finding in our study is that the detrimental effect of increased adiposity on renal function was also observed in subjects with a normal weight, too. These metabolically obese normal-weight individuals were first described in the late 1990s. 25 In our study, 426 (69.3%) subjects had a normal weight (93 men; 333 women), and the prevalence of NWO was 34.4% in men and 32.7% in women, using sex-specific tertiles of PBF. Similar to other NWO-related metabolic complications, the presence of NWO also serves as a main predictor of RFD in the general population even after adjustment for well-established numerous vascular risk factors. These findings provide important insights into understanding obesity; subjects who would otherwise be considered nonobese based on a normal BMI may actually be at high risk for renal dysfunction. Therefore, the measurement of PBF using bioelectrical impedance analyzers may be a more useful and precise technique with which to identify metabolically obese people, and a reduction in body fat rather than body weight may be more important to prevent obesity-related medical complications in the general population. However, contrary to previous data, the lean body mass and baseline renal function had no relationship to GFR changes over the 4 years of our study. In fact, a lower baseline eGFR is a well-established risk factor for a more rapid decline in eGFR. We considered this inconsistency to be caused by the characteristics of our subjects; ie, only subjects with normal or mildly impaired renal function were enrolled, therefore, the baseline eGFR might have no Clinical Interventions in Aging 2014:9 submit your manuscript | www.dovepress.com
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Increased body fat and renal function decline relationship to eGFR changes. 26, 27 Moreover, although lean body mass is also associated with renal function, it is usually more relevant in patients with chronic medical problems whose lean body mass is typically reduced. In patients with chronic medical conditions, such as chronic kidney disease, chronic obstructive lung disease, or Alzheimer's disease, low muscle mass is usually related to malnutrition, physical inactivity, and higher chronic inflammation state; [28] [29] [30] thus, all these factors contribute to rapid RFD. In this study, however, as relatively healthy individuals were analyzed, lean body mass seems to have no relationship to GFR changes.
This study has several limitations. First, the serum creatinine level was measured only twice; therefore, we could not calculate the GFR slope or the rate of RFD. Therefore, we calculated the absolute difference in the eGFR and percent changes during the 4 years. Moreover, the possibility of acute kidney injury at the time of the two tests cannot be ruled out. However, all tests are assumed to have been performed at steady state because this examination was part of a health screening check-up. Those with acute illness would not have undergone such a health check-up. Second, although we excluded subjects with preexisting vascular disease or risk factors, such as diabetes and hypertension, subjects with undiagnosed diabetes or hypertension may have been included in this study. Similarly, although we excluded those with proteinuria, there is also a possibility of inclusion of subjects with glomerulonephritis.
In conclusion, among the elderly population without comorbidities, increased body fat has a harmful effect on renal function changes irrespective of body weight.
